Carotid endarterectomy in rare bilateral carotid-vertebral anastomosis  by Pulli, Raffaele et al.
1122
ing from the proximal internal carotid artery (Fig 2), associated
with the bilateral absence of the V1-V2 segments of vertebral
artery (Fig 3), was found. The perfusion of the vertebrobasilar
system was completely supplied by the internal carotid arteries.
No cerebral ischemic lesions were found by means of computed
tomography. The patient, a candidate for an aortobifemoral
bypass grafting procedure, was submitted to prophylactic right
CEA. Intraoperative somatosensorial-evoked potentials (SEPs)
were used to monitor the patient’s cerebral function. The stump
pressure was also monitored. After carotid clamping, the stump
pressure was 75 mm Hg, whereas the systemic pressure was 117
mm Hg. However, an indwelling shunt was applied 4 minutes
from clamping, for significant flattening of N20/P25 complex
of SEPs. A primary closure of the arteriotomy was performed.
No neurological deficits were present when the patient awoke.
The postoperative period was free of complications, and the
patient was discharged on the fourth postoperative day.
An aortobifemoral bypass graft was applied 4 months later.
The patency of the right carotid and an unchanged posterior
cerebral perfusion by both anomalous carotid-vertebral anasto-
moses was shown by means of preoperative duplex scanning and
magnetic resonance angiography.
One year later, the patient was alive and free of symptoms.
The patency of the internal carotid artery that was operated on,
without restenosis, was confirmed by means of duplex scan-
ning.
DISCUSSION
According to Padget’s studies,3 the development of
cerebral circulation in the embryo may be divided into
three phases. In the first phase (embryo of 4-5 mm), there
are two longitudinal neural arteries along the basal surface
of hindbrain. These vessels are supplied from the carotid
system through 4 pairs of arteries, the trigeminal, otic,
hypoglossal, and proatlantal intersegmentary arteries, from
cranial to caudal (Fig 4). In the second phase (embryo of
5-6 mm), the longitudinal neural arteries fuse in the mid-
line and form the basilar trunk. After the development of
the posterior communicating arteries from the carotid sys-
tem and their connection with the cranial portion on the
basilar trunk, the primitive carotid-basilar anastomoses
begin to obliterate. The first artery to disappear is the otic
artery, followed by the hypoglossal and trigeminal arteries.
In this phase, the caudal portion of the basilar trunk is still
supplied from the proatlantal intersegmentary artery. In
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In the embryo, the anterior and the posterior cerebral circulations are connected by several longitudinal anastomotic
vessels. These anastomoses disappear progressively, until the carotid and vertebrobasilar systems are connected only by
a pair of posterior communicating arteries. These embryonal anastomoses rarely persist in adults and may have an
important physiologic role during carotid surgery. We report a case in which a patient with bilateral embryonal carotid-
vertebral anastomoses underwent right carotid endarterectomy for asymptomatic internal carotid stenosis. (J Vasc Surg
2001;33:1122-4.)
The collateral vessels originating from the internal
carotid artery are quite rare. Radiological and surgical
series report a variable but low incidence (0.1%-0.5%).1,2
These vessels are embryonal arteries persisting into
adult life that connect the internal carotid with the verte-
brobasilar system and may be associated with agenesia or
hypoplasia of proximal vertebral arteries, posterior com-
municating arteries, or both. These primitive cerebral anas-
tomoses are named for the cranial nerves with which they
run: trigeminal, hypoglossal, proatlantal intersegmental,
and otic arteries. They have an important physiologic role,
because they supply the vertebrobasilar blood flow. In
patients undergoing carotid surgery, the incidence of
anomalous carotid-vertebral anastomoses is rare, but their
preoperative recognition is mandatory because it allows
one to predict a greater risk of cerebral hypoperfusion dur-
ing carotid clamping. Furthermore, particular attention
must be paid during neck dissection for the preservation of
these vessels in the cases in which their origin is from the
extracranial carotid.
In this report, we describe the case of a patient with a
rare bilateral proatlantal intersegmentary artery associated
with the agenesia of proximal vertebral arteries undergoing
carotid endarterectomy (CEA) for a right asymptomatic
stenosis of the internal carotid artery.
CASE REPORT
A 68-year-old man was referred to us because of chronic limb
ischemia caused by a bilateral occlusion of the common iliac arter-
ies, with an ankle/brachial index of 0.5.
The patient had no symptoms of cerebrovascular disease. A
bilateral severe internal carotid stenosis with an irregular and
deeply ulcerated plaque on the right side was shown by means of
a duplex examination. These findings were confirmed by means
of an arteriography (Fig 1), and a bilateral anomalous vessel aris-
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the third phase (embryo of 7-12 mm), the vertebral arter-
ies develop from the longitudinal anastomoses of the first
six intersegmental cervical arteries. After the connection of
the vertebral arteries with the basilar trunk, the proatlantal
intersegmentary artery obliterates.
These embryonal anastomoses between carotid and
vertebrobasilar circulation rarely occur in adults. In litera-
ture, the incidence ranges from 0.1% to 0.5% for the most
common types.2
Only the hypoglossal and proatlantal intersegmentary
arteries connect the carotid system with the vertebrobasilar
artery in the neck and could be encountered during cervi-
cal dissection. The proatlantal artery originates more cau-
dally from the internal carotid, near the carotid bifurcation,
than the hypoglossal one. Anderson and Sondheimer4 have
established some angiographic criteria for the differentia-
tion between proatlantal and hypoglossal arteries. The
proatlantal artery has a suboccipital horizontal course iden-
tical to that of the vertebral artery, except that it does not
pass through the foramen transversarium of any vertebral
body. Moreover, the proatlantal artery enters the skull
through the foramen magnum after the course of the ver-
tebral artery. Lie1 and Brismar5 pointed out diagnostic cri-
teria for evaluating persistent hypoglossal arteries, for
which a differential diagnosis is especially required. The
most distinctive feature characterizing the hypoglossal
arteries is the transit through the anterior condyloid fora-
men to the joint of the basilar artery.
In both proatlantal and hypoglossal artery persistence,
agenesia or hypoplasia of one or both vertebral arteries is
reported, according to embryogenesis.4,6
Our patient had a bilateral embryonal carotid-vertebral
anastomosis associated with agenesia of both of the cervi-
cal vertebral arteries. The identification of these anom-
Fig 3. Digital subtraction arteriography showing aortic arch and
supra-aortic trunks and bilateral agenesia of V1 segment of ver-
tebral artery.
Fig 4. Schematic showing embryonal cerebral circulation
(schematic). A, Anterior cerebral circulation; B, posterior cere-
bral circulation. Modified from Lie TA. Congenital anomalies of
the carotid arteries. Amsterdam: Excerpta Medica Foundation;
1968. p. 60, as reported by Ouriel et al: Anomalous carotid-basi-
lar anastomoses in cerebrovascular surgery. J Vasc Surg
1988;7:774-7.)
Fig 1. Digital subtraction arteriography showing stenosis with
deeply ulcerated plaque of right internal carotid artery.
Fig 2. Bilateral anomalous vessel arising from proximal internal
carotid artery shown in arteriography.
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alous carotid-vertebral anastomoses with the proatlantal
intersegmental artery was done on the basis of these
angiographic criteria: the proximal origin from internal
carotid artery near bifurcation; the identical course in the
neck to that of the vertebral arteries, but out of the foram-
ina trasversaria of cervical vertebrae; and the entry in the
skull through the foramem magnum.
The reported cases of a persisting proatlantal artery
are few.7,8 Only one case of bilateral persistency of this
anomalous artery has been reported.6
Some studies show that the cases of anomalous carotid-
vertebral anastomoses associated with internal carotid
artery stenosis may be successfully treated by means of
CEA with routine shunting applications.9 This approach is
based on the risk of cerebral ischemia after carotid clamp-
ing being very high in these patients. The perfusion of the
ipsilateral cerebral hemisphere and subtentorial structures
are completely dependent on the contralateral carotid
artery. However, such cases may also be safely treated with
selective shunting application on the basis of reliable meth-
ods for cerebral monitoring. Ouriel et al2 recommend the
routine use of shunt when an effective method for cerebral
monitoring during carotid clamping is not available. The
only case of CEA with persistent proatlantal artery
reported did not show electroencephalographic changes
during surgery, and the shunt was not used.
Our standard policy for CEA is the selective applica-
tion of a shunt. We routinely monitor cerebral function by
means of SEPs and apply an indwelling shunt only when
significant flattening of the N20/P25 wave occurs during
carotid clamping.10 This method is also applied in the
cases of CEA with contralateral internal carotid artery or
vertebral artery occlusion.
In conclusion, internal carotid artery stenosis associ-
ated with the persistence of the bilateral intersegmental
artery is a very rare condition. However, CEA may also be
safely performed in these patients with a routine and selec-
tive shunting policy. In this case, surgeons must be sup-
ported by a reliable method for intraoperative cerebral
monitoring in which they are well trained.
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